Reactive oxygen species (ROS) can directly damage DNA, proteins and lipids, while increased oxidative stress has been reported to be associated with apoptotic and autophagic cell death. Importantly, increased oxidative stress and dysregulation of cell death mechanisms have been linked with cancer development. To better understand the connection between increased oxidative stress and cell death pathways, it is important to be able to monitor both of these events simultaneously in the same cell and amongst mixed populations of cells. The goal of this study was to utilize multi-parametric fluorescence microscopy to examine the temporal progression of oxidative stress relative to cell death. By using a fluorogenic caspase substrate in combination with a near infrared fluorescent probe for ROS, we observed that increased oxidative stress was followed by activation of caspase-3/7 after induction by several agonists. Loss of mitochondrial membrane potential and nuclear condensation were also monitored to establish a more comprehensive assessment of the cellular response to stress in these models. By simultaneously examining multiple parameters over time, we were able to define the temporal progression of apoptosis relative to the onset of oxidative stress. Furthermore, we were able to characterize the mechanism of cell death by discriminating between cells which were apoptotic (active caspase-3/7), autophagic (LC3B-positive autophagosomes), or both. This multi-parametric approach provided detailed spatial information at the cellular level so that correlations and temporal resolution could be determined between oxidative stress and cell death mechanisms.
INTRODUCTION
Increased oxidative stress has been associated with a variety of diseases including cancer, Alzheimer's disease, and other neurodegenerative diseases.
High levels of oxidative stress can also lead to cell death through several mechanisms including apoptosis and autophagy.
Understanding the relationship between oxidative stress and cell death is essential to our understanding of disease progression and the development of therapies to combat these diseases.
Live cell microscopy enables temporal resolution between cellular events such as increased oxidative stress and apoptosis signaling.
Multi-parametric imaging allows for several parameters to be analyzed simultaneously within the same cell providing key information at the cellular level.
CONCLUSIONS
In HeLa cells staurosporine induced an increase in oxidative stress followed by activation of caspase 3/7. Loss of mitochondrial membrane potential was also observed indicating cell death occurring by apoptosis.
In U-2 OS cells chloroquine induced a significant increase in autophagosome formation with minimal change in caspase 3/7 activity. By using fluorescent markers for oxidative stress, active caspase 3/7 and LC3B we were able to determine levels of oxidative stress relative to activation of caspase 3/7, and distinguish between cells which were apoptotic or autophagic.
This multi-parametric approach was also amenable to time-lapse imaging which enabled temporal resolution of oxidative stress relative to cell death mechanisms. Figure 3: HeLa cells were loaded with 50 nM TMRM followed by 5 µM CellEvent™ Caspase-3/7 Green Detection Reagent . Cells were then treated with 0.5 µM staurosporine and images were acquired every 5 minutes over 7 hours on a Molecular Devices ImageXpress ® Micro (high content screening system) at 10x. Over the 7 hour time course, staurosporine induced a loss of mitochondrial membrane potential followed by activation of caspase 3/7 as evidenced by a decrease in TMRM signal (red) and an increase in caspase 3/7 signal (green), respectively. Caspase-3/7 Green Detection Reagent (green). Cells were then fixed, permeabilized and labeled with an anti-LC3B antibody (Life Technologies) and subsequently detected with a goat anti-rabbit Alexa Fluor ® 647 secondary antibody (red). Cells were then stained with Hoechst 33342 (blue). Images were analyzed on a Thermo Fisher Cellomics Arrayscan ® VTI. Images showed increased caspase 3/7 activation at 4 hours (A). Signal intensity for caspase 3/7 (nuclear) and LC3B (spots within the cytosol) were plotted as fold change relative to 0 hour treatment for each of the two parameters (B). Staurosporine significantly increased caspase 3/7 activation after 4 hours, which was associated with a small increase in autophagosome formation. figure 4C , U-2 OS cells were transduced with Premo™ Autophagy Sensor LC3B-RFP (red). The next day, cells were treated with or without chloroquine for ~ 24 hours. Cells were then stained with the 7.5 µM CellEvent™ Caspase-3/7 Green Detection Reagent (green) for 30 minutes at room temperature, followed by Hoechst 33342 (blue). Images were acquired on a Zeiss Axiovert® inverted microscope using a 63x water objective. Cells treated with chloroquine showed increased punctate staining (red spots) indicating formation of LC3B positive autophagosomes. In figure  4D , U-2 OS cells were treated with 0 -100 µM chloroquine for ~ 24 hours. Cells were then stained with 7.5 µM CellEvent™ Caspase-3/7 Green Detection Reagent for 30 minutes at room temperature. Cells were then fixed, permeabilized and labeled with an anti-LC3B antibody (Life Technologies), and subsequently detected with a goat anti-rabbit Alexa Fluor ® 647 secondary antibody, followed by Hoechst 33342 stain. Cells were analyzed on a Thermo Fisher Cellomics Arrayscan ® VTI. Signal intensity for caspase 3/7 (nuclear) and LC3B (spots within the cytosol) were plotted as fold change relative to untreated cells. Chloroquine treatment increased signal intensity from autophagosomes, which was associated with a small increase in activated caspase 3/7. 
